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Sin 



L Ian MacLachlan, being duly warned that willful false statements and the 
like are punishable by fine or imprisonment or both, under 18 U.S.C. § 1001. and may 
jeopardize the validity of the patent application or any patent issuing thereon, state and 

declare as follows: 

1. All statements herein made of my own knowledge are true and 

statements made on information or belief are believed to be true. 

2. I hold a Ph.D. (1994) from the University of Alberta, and a 
Bachelor of Science (1988) from the University of Alberta. I am presently the Chief 
Scientific Officer for Protiva Biotherapeutics, Inc. (Burnaby, Canada). 
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My field of expertise is gene delivery and gene therapy. I have authored 
nineteen publications in the field of gene delivery technology, gene therapy, and 
molecular genetics, and am a member of the American Society of Gene Therapy and the 
Science Council of British Columbia, Health Technology Committee. A true copy of my 
Curriculum Vitae is attached hereto as Exhibit A. 

3. The present invention is directed to methods of treating neoplasias 
in mammals by administration of serum stable lipid-nucleic acid particles with a nucleic 
acid portion that is fully encapsulated within the lipid portion. The administration of 
serum stable lipid-nucleic acid particles is by injection at an injection site that is distal to 
the neoplasia in the mammal. The nucleic acid may encode an expressible gene. The 
nucleic acid-lipid particle may contain a protonatable lipid. 

4. I am a named inventor on the above-referenced patent application. 
I have read and am familiar with the contents of the subject patent application. I have 
also read the Office Actions received from the United States Patent and Trademark 
Office dated October 10, 2001 and April 10, 2000. It is my understanding that the 
Examiner is concerned that the claimed methods are not enabled by the specification. 
Specifically, the Examiner states that the specification is enabling for (1) methods 
comprising the administration of the nucleic acid encoding HSV-TK and ganciclovir, 
which nucleic acid is fully encapsulated in the lipid formulation(s) explicitly disclosed, 
and (2) increased stability of fully encapsulated nucleic acids in serum which are present 
in lipid-nucleic acid particles comprising formulations 1.1, 1.2, 1.3, 1.4, and 1.5. 
However, the Examiner alleges that the specification is not enabling for treatment of any 
neoplasm by distal administration of any expressible gene fully encapsulated within any 
lipid-nucleic acid particle. In making this allegation, the Examiner states that treatment 
effects are not necessarily provided by a nucleic acid merely because that nucleic acid has 
not been degraded by nucleases in the serum of an organism. 
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5. This declaration is provided to demonstrate that practice of the 
claimed methods is fully enabled by the specification. This declaration presents (1) 
experiments in which nucleic acids fully encapsulated in lipid formulations are expressed 
in cells upon transfection; (2) experiments in which lipid-nucleic acid particles inhibited 
tumor growth after administration to mice seeded subcutaneously, intradermal^ and 
intravenously with tumors; and (3) in vitro experiments in which lipid-nucleic acid 
complexes transfected into tumor cells confer increased sensitivity to prodrugs, le., 
increased tumor cell death. These experiments which are also described in the 
specification were done under my supervision. The results unequivocally demonstrate 
that (1) nucleic acids encapsulated in the kpid-nucleic acid particles of the present 
invention are effectively expressed for treatment of neoplasia; (2) administration of the 
lipid-nucleic acid particles of the present invention is effective for treating neoplasia; and 
(3) transfection of tumor cells with lipid-nucleic acid particles leads to tumor cell 
sensitivity to prodrugs. Oo^^^^^^V^^^^^^ 
using information provided in the specification, together with methodology known to one 
of skill in the art, with at most, only routine experimentation. 

6. The models used in carrying out the foregoing experiments are art- 
accepted models for (1) measuring transfection of cells with nucleic acids and (2) treating 
neoplasia. As demonstrated by the examples, the methods of the present invention are 
effective for treating neoplasms by distal administration of expressible genes fully 



encapsulated within the lipid-nucleic acid particles disclosed and claimed in the patent 
application. 



7. The expression of nucleic acids administered in the lipid-nucleic 
acid particles of the present invention was determined in three separate sets of . 
experiments, all of which are set forth in the specification. 
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The first set of experiments is described in Example 8 of the specification. 
Mice were injected intravenously on day zero with mouse Lewis lung carcinoma cells. 
On day ten. mice were injected with lipid-nucleic acid particles containing a plasrmd 
encoding the luciferase gene linked to a CMV promoter. At various time points after 
plasmid injection, mice were sacrificed and their organs and tumors were assayed for 
luciferase activity. A time course of luciferase activity at distal tumor sites is shown in 

Figure 4 of the specification. 

The second set of experiments is described in Example 9 of the 
specification. Mice were injected subcutaneously on day zero with human colon 
adenocarcinoma cells. On days eleven and seventeen, mice were injected with lipid- 
nucleic acid particles containing a plasmid encoding the luciferase gene linked to a CMV 
promoter. The mice were sacrificed and luciferase activity in their organs and tumors 
was assayed. Luciferase expression is shown in Figure 5 of the specification. 

The third set of experiments is described in Example 10 of the 
specification. Mice were injected intraperitoneally on day zero with tumor cells. On day 
fourteen, the mice were injected with a lipid-nucleic acid particle containing a plasmid 
encoding HSV-TK. The mice were sacrificed 24 hours later and expression of HSV-TK 
was determined using ft. situ RNA-RNA hybridization. Detection of HSV-TK expression 
in peritoneal tumors is shown in Figures 6 A and 6B of the specification. 

These examples unequivocally establish that nucleic acids administered m 
the Upid-nucleic acid particles as claimed in the present invention are actually expressed. 

8. The effect of lipid-nucleic acid particles containing HSV-TK on 
tumor growth was determined in seven separate sets of experiments, all of which are set 

forth in the specification. 

The first set of experiments is described in Example 2 of the specification. 
Four groups of mice. A, B, C, and D, were seeded subcutaneously with B 16 mouse 
melanoma cells and treated with a lipid-nucleic acid particle containing a vector encoding 
HSV-TK (C and D) or vector alone (A and B) once daily on day five and on every day 
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following. Groups B and D were treated with ganciclovir once daily on day five and on 
every day following. Mice of group D either did not develop tumors, or they developed 
tumors significantly more slowly than mice of control groups A, B, or C. 

The second set of experiments is described in Example 6 of the 
specification. Mice were seeded intradermally on day zero with B16 control cells or B 16 
cells stably transfected with HSV-TK. The mice were treated with ganciclovir in a lipid 
formulation once every day beginning on day four and on every second day following. 
Intradermal tumors stably transfected with HSV-TK showed no measurable growth when 
treated systemically with ganciclovir. 

The third set of experiments is described in Example 7 of the 
specification. Mice were seeded intravenously on day zero with B16 tumor cells stably 
expressing HSV-TK. The mice were treated with ganciclovir in a lipid formulation once 
every day beginning on day two and on the two days following. There was a significant 
reduction in both size and number of metastatic tumor modules. 

The fourth set of experiments is described in Example 1 1 of the 
specification. Mice were seeded intradermally on day zero with fibrosarcoma tumor 
cells On days 5, 7, 9, 1 1. and 13, empty lipid-nucleic acid particles or Upid-nucleic acid 
particles containing a nucleic acid encoding HSV-TK were intravenously administered to 
the mice. Beginning on day 5, mice were treated intraperitoneaUy with ganciclovir twice 
daily for twelve days. Mice were sacrificed and their tumor volume was measured. Mice 
treated with HSV-TK in Upid-nucleic acid particles and ganciclovir have greatly reduced 
tumor volumes compared to controls. Tr* results are shown in Figure 9B of the 
specification. 

The fifth set of experiments is described in Example 13 of the 
specification. Mice were seeded intradermally on day zero with fibrosarcoma cells. On 
days 5. 7, 9. 1 1. and 13, empty lipid-nucleic acid particles or Upid-nucleic acid particles 
containing a nucleic acid encoding HSV-TK were inteavenously administered to the 
mice. Beginning on day 5. mice were treated intraperitoneaUy with ganciclovir twice 
dailyfortwelvedays. Mice treated with HSV-TK in lipid-nucleic acid particles and 
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ganciclovir have greatly increased long term survival. The results are shown in Figure 10 

of the specification. 

The sixth set of experiments is described in Example 14 of the 
specification. Mice were seeded intradermal^ on day zero with colorectal tumor cells. 
On day 5 and every other day following for eight days, empty lipid-nucleic acid particles 
or lipid-nucleic acid particles containing a nucleic acid encoding HSV-TK were 
intravenously administered to the mice. Beginning on day 5 and every day following, 
mice were treated intraperitoneally with ganciclovir once daily. Mice were monitored for 
survival. If tumors developed, mice were sacrificed and the rumors were collected and 
weighed. Mice treated with HSV-TK in lipid-nucleic acid particles and ganciclovir either 
did not develop tumors or else developed tumors significantly more slowly than other 
mice. The results are shown in Figure 11 of the specification. 

The seventh set of experiments is described in Example 15 of the 
specification. Mice were seeded intradermal^ on day zero with colorectal tumor cells. 
On day 5 and every other day following for eight days, empty lipid-nucleic acid particles 
or lipid-nucleic acid particles containing a nucleic acid encoding HSV-TK were 
intravenously administered to the mice. Beginning on day 5 and every day following, 
mice were treated intraperitoneally with lipid formulated ganciclovir once daily. Mice 
treated with HSV-TK in lipid-nucleic acid particles and lipid formulated ganciclovir 
exhibited a marked reduction in tumor growth rate. The results are shown in Figure 12 of 
the specification. 

These examples unequivocally establish that administration of Upid- 
nucleic acid particles as claimed in the present invention is an effective treatment for 
neoplasia, i.e., tumor size and growth rate are reduced significantly and long term 
survival is enhanced significantly. 

9. Thus, the examples in the specification, which use art-accepted 
tumor models, demonstrate that administration of lipid-nucleic acid particles is effective 
for treatment of neoplasia. Specifically, administration of the lipid-nucleic acid particles 
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of the present invention inhibited or slowed growth of subcutaneously, intradermal^, and 
intravenously seeded tumors. 

10. In addition to the extensive examples in the specification showing 
that tumor growth is inhibited or reduced by administration of the lipid-nucleic acid 
particles of the present invention, the specification provides extensive guidance to one of 
skill in the art for practicing the claimed invention. In particular, the specification 
provides teachings as to suitable therapeutic nucleic acids for use in conjunction with the 
present invention {see, page 10. line 14 to page 14, line 3). Moreover, the specification 
provides teachings as to preparation of the lipid-nucleic acid particles of the present 
invention (see, page 14, line 25 to page 18, lines 31). Furthermore, the specification 
provides teachings regarding disease indications suitable for treatment using the lipid- 
nucleic acid particles of the present invention (see, page 19, line 28 to page 20, line 16). 
The specification also provides teachings regarding the administration of the lipid-nucleic 
acid particles (see, page 20, line 17 to page 22, line 20). Therefore, these teachings 
enable one of skill in the art to practice the invention as claimed, without undue 
experimentation. 

11. In addition to the extensive examples in the specification showing 
that tumor growth is inhibited or reduced by administration of the lipid-nucleic acid 
particles of the present invention and the extensive guidance in the specification to one of 
skill in the art for practicing the claimed invention, results from continuing experiments 
demonstrate that genes other than those encoding HSV-TK are effective in inhibiting 
tumor growth. In particular, nucleic acids encoding the cytokine IL-12, the tumor 
suppressor protein, apoptin, the cytotoxic, Pseudomonas exotoxin, and the suicide 
enzymes purine nucleoside phosphorylasc and cytosine deaminase have all been shown 
to be effective in inhibiting tumor cell growth when administered in lipid-nucleic acid 
particles. 



03/08/2002 13:40 FAX 604 419^*1 PROTIVA BIOTHERAPEUTIG^^ ©009/011 



PROTIVA BIOTHERAPEUTI^H^ 



. PATENT 
K^mW Atty.Dock«No,020801-00O920US 

Page 8 

12. Five additional sets of experiments, which again use art-accepted 
tumor models, demonstrate the efficacy of the Upid-nucleic acid particles of the present 
invention. These experiments, which were not described in the specification, were 
conducted under my supervision and are described below. 

In the first set of experiments, three groups of mice were seeded 
intradermal^ with MCA-207 sarcoma cells and treated with a upid-nucleic acid particle 
containing a vector encoding the cytokine, IL-12 or Upid-nucleic acid particle alone once 
every other day Ugmning on day six. Mice received a total of five lipid-nucleic acid 
, ^ - particle treatments. Mice were monitored for tumor growth Tumor growth was inhibited 
/3 ^ ^ in mice treated with Upid-nucleic acid particles containing a vector encoding JL-12. A 
graphic illustration of the results is attached as Exhibit B. 

In the second set of experiments, mice were seeded intradennally with 
CT26 colon carcinoma cells and treated with a lipid-nucleic acid particle containing a 
vector encoding the tumor suppressor protein, apoptin. Mice received a total of five 
Upid-nucleic add particle treatments. Mice were monitored for tumor growth. . Tumor 
growth was inhibited in mice treated with Upid-nucleic acid particles containing a vector 
encoding apoptin. A graphic iUustration of me results is attached as Exhibit C. 

In the third set of experiments, mice were seeded intradennally with CT26 
colon carcinoma cells and treated with a Upid-nucleic acid particle containing a vector 
encoding the cytotoxic Pseudomonas exotoxin or Upid-nucleic acid particle alone once 
every other day beginning on day six. Mice received a total of five Upid-nucleic acid 
particle treatments. Mice were monitored for tumor growth. Tumor growth was 
inhibited in mice treated with Upid-nucleic acid particles containing a vector encoding 
Pseudomonas exotocin. A graphic iUustration of the results is attached as Exhibit D. 

« — In the fourth set of experiments, B16 melanoma cells were transfected 

K \^f0 with a nucleic acid encoding purine nucleoside phosphorylase (PNP) in a lipid-nucleic 
acid complex and exposed to varying concentrations of the prodrug, 2-fluoroadenine, 24 
hours later. Cell viability was assessed using the alamar blue viabUity assay . Melanoma 
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cells that had been transfected with PNP exhibited much lower survival rates upon 
exposure to the prodrug. A graphic illustration of the results is attached as Exhibit E. 

In the fifth set of experiments, B16 melanoma cells were transfected with 
a nucleic acid encoding cytosine deaminase (CD) in a lipid-nucleic acid complex and 
exposed to varying concentrations of the prodrug, 5-fluorocytosme f 24 hours later. Cell 
viability was assessed using the alamar blue viability assay. Melanoma cells that had 
been transfected with CD exhibited much lower survival rates upon exposure to the 
prodrug. A graphic illustration of the results is attached as Exhibit F. 

These experiments demonstrate that nucleic acids other than those 
encoding HS V-TK are effective for inhibiting tumor growth when administered at a site 
distal to the tumor. These experiments also demonstrate that genes other than suicide 
genes are effective for inhibiting tumor cell growth. In particular, these experiments 
demonstrate that, administration of fully encapsulated nucleic acids encoding cytokines, 
tumor suppressor proteins, and cytotoxins are effective in inhibiting tumor growth. 

13. It is my understanding tfiat in the Office Action mailed April 10, 
2000, the Examiner cited a number of references (Schofield, et al., Crystal, Verma et al. , 
Friedmann, Branch, and Cooper) that allegedly demonstrate that gene therapy is 
unpredictable and surrounded by significant hurdles. However, a perusal of these 
references reveals that they actually support the proposition that gene therapy works. In 
particular, Schofield et al describe liposomal delivery of DNA in vivo as "an attractive 
alternative to viral transfer methods due to [the lack of] DNA size constraints, lower 
immunogenicity, and easier bulk preparation." Crystal discloses that "plasrnid-liposome 
complexes have many advantages as gene transfer vectors, in that they can be used to 
transfer expression cassettes of essentially unlimited size, cannot replicate or recombine 
to form an infectious agent, and may evoke fewer inflammatory or immune responses 
because they lack proteins." Verma et al, teach that non-viral vectors are useful for 
"generating] safe and efficient gene delivery system[s]." Friedmann teaches that non- 
viral vectors can "condense the DNA, deliver it to cells, and protect it from degradation 
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inside cells." Furthermore, Friedmann teaches that "[g]ene transfer by liposomes ... has 
advanced enough for these vectors to enter clinical trials for such diseases as cancer and 
cystic fibrosis." Cooper teaches that "[a] particular advantage of [uposome-mediated 
gene delivery] is the ease of preparing DNA/liposome complexes, the stability of the 
individual components, and the versatility to transfect a variety of tumor types." 
Moreover, Cooper teaches that [l]iposome/DNA complexes administered intravenously 
can also deliver plasmid vectors into multiple tissue types." 

Branch stands in contrast to the other cited references in that it teaches 
antisense strategies for knocking out gene function. Nucleic acids delivered as described 
by Branch are intended to cause the destruction of their target and are not meant to be 
expressed. Branch explicitly states that "[t]he purpose of this article is to review the 
factors that make and break specificity in antisense applications . . . [o]nly antisense 
molecules and ribozymes designed to inhibit RNA targets are considered here." 
Moreover, there is no hint or suggestion in Branch that the antisense nucleic acids are 
encapsulated in any vector, viral or non-viral. 

Thus, taken together, the cited references support the proposition that gene 
therapy is effective and that lipid-nucleic acid particles are useful for treating neoplasias. 

14. In view of the foregoing, it is my scientific opinion that one of skill 
in the art would be able to practice the claimed invention with, at most, routine 
experimentation using the guidance in the specification and what is known to those of 
skill in the art. The specification, therefore, fully enables the methods of the invention. 

15. The Declarant has nothing further to say. 
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